Investigations of types of microorganisms occurring on eviscerated poultry have indicated that yeasts comprise only a small percentage of the total population. However, numbers of yeasts have been appreciably larger on carcasses treated with antibiotics such as chlortetracycline (CTC) or oxytetracycline (OTC) than on control birds (Ziegler and Stadelman, 1955; Ayres et al., 1956; Silvestrini et al., 1958; Wells and Stadelman, 1958) . In addition, these workers have shown that the tetracyclines inhibit the rapid development of bacteria on processed poultry. Ayres et al. and Wells and Stadelman have proposed that if the bacterial population is maintained at a minimum, substrate is then available for the growth of yeasts. Additional factors probably are involved; for example, Whitehill (1957) has presented evidence that the bacterial flora on meat produced substances which limited the growth of yeasts. Thus, the inhibitory action of the antibiotics caused changes in the bacterial population favoring de-' velopment of yeasts. No direct evidence has been presented to show that the tetracyclines per se act as growth stimulants for yeasts occurring on poultry; however, stimulation of growth of Candida albicans, a pathogenic yeast, has been attributed to the tetracyclines (Moore, 1951; Pappenfort and Schnall, 1951; Huppert et al., 1953; Carpenter, 1955a, b) .
Since both OTC and CTC have been approved by the United States Food and Drug Administration for use on commercially processed poultry, yeasts that develop on the skin and lean surfaces have assumed greater importance than before because they may contribute to spoilage of the product and be of public health significance. Rhodotorula, Torulopsis, Saccharomyces, and Candida have been some of the genera frequently isolated from poultry meat Njoku-Obi et al., 1957; Wells and Stadelman, 1958 ).
The purposes of this study were to characterize yeasts isolated from eviscerated poultry in refrigerated storage and to determine if tetracycline antibiotics acted as growth stimulants for yeasts when these antibiotics were used to prolong the storage life of processed poultry. (Lodder and Kreger-Van Rij, 1952) and by growth in liquid media (Wickerham and Burton, 1948 The effect of CTC, OTC, and tetracycline (TC) on growth of these isolates was determined by the sensitivity disc technique (Carpenter, 1955a) and by volume of cells produced. The sensitivity disc technique consisted of making a streak plate or a pour plate and then placing on the plate M/ in. antibiotic assay discs saturated with aqueous solutions containing 10, 30, 50, or 100 ;ug per ml of the respective antibiotics. The plates were incubated at 15 C and observed for growth enhancement around the discs after 1, 2, and 3 weeks. This temperature was selected for incubation as the product from which the yeasts were isolated was held in refrigerated storage and also because the antibiotics were more stable at this temperature than at higher temperatures. Since plates were poured to obtain a thick layer of agar, dehydration was not excessive and did not limit growth. Three different media were used: nutrient agar, malt agar, and trypticase soy agar.
Cell volume was determined by centrifuging the cells from equal amounts of broth in calibrated sedimentation tubes. Comparisons were made of the volume of cells obtained from broth cultures containing 0, 10, 30, 50, or 100 Mug per ml of the respective tetracycline antibiotics. Media used were malt extract broth, nutrient broth, and trypticase soy broth. To obtain sufficient cells for comparison, a 3-week incubation period at 15 C was used.
In addition to the tests described above, plate counts were made of the total numbers of yeasts growing in the presence and in the absence of CTC. A representative of each of the eight types of nonpigmented yeasts was inoculated into tubes containing nutrient broth plus 0, 1, 2, or 4 ,ug CTC per ml. The cultures were incubated at 15 C. Total counts of yeasts were made at 0, 1, 3, 5, 7, 10, and 14 days on malt agar acidified to pH 4.5 and incubated at 30 C for 4 days.
Two of the eight yeasts used above, a Torulopsis sp. and a Candida sp. were examined for concomitant growth with Pseudomonas fluorescens. Nutrient broth or nutrient broth containing CTC was inoculated as follows: (a) at 30 C were used for inocula. The tubes were incubated at 15 C. Total numbers of yeasts were determined on malt agar acidified to pH 4.5 and incubated at 30 C for 4 days. Total numbers of bacteria were determined on nutrient agar incubated at 15 C for 4 days. Sodium tungstate was added at a concentration of 32 ,ug per ml before pouring the media in order to neutralize any CTC transferred during sampling (Jay et al., 1957) .
RESULTS AND DISCUSSION
The types of yeasts isolated from eviscerated poultry are shown in table 1. These organisms are nonascosporeforming, pigmented, and nonpigmented yeasts. Three Lodder et al. (1958) did not consider this organism ordinarily to be pathogenic in nature. In the present study, none of the isolates were identified or characterized as pathogenic species of yeasts; and, therefore, none were considered to be of public health significance.
With the prolonged use of broad spectrum antibiotics for therapeutic purposes, Candida albicans has frequently developed and become predominant in certain infections. This predominance, in some instances, has been attributed to growth stimulation by tetracycline antibiotics (Moore, 1951; Pappenfort and Schnall, 1951; Huppert et al., 1953; Carpenter, 1955a, b) . Since increased numbers of yeasts occur on eviscerated poultry treated with tetracyclines, the question has been raised if these antibiotics serve as growth stimulants when used for preservative purposes. However, with both the sensitivity disc technique and cell volume measurements, no growth enhancement was observed in any of the 39 isolates in the presence of CTC, OTC, and TC at levels of 10, 30, 50, or 100 ,ug per ml.
In raw poultry tissue, the concentration of antibiotic found after several days of storage has been reported to be approximately 1 yg per g when solutions of 10 ug per ml have been used to immerse the birds (Anderson et al., Silvestrini et al., 1958; Walker and Ayres, 1958) . Therefore, concentrations that were more in line with those observed in poultry tissue were examined for their effect on growth. Figure 1 shows that throughout a 14-day period there was no increase in the total numbers of yeasts growing in the presence of 1, 2, or 4 MAg CTC per ml when compared to the total number growing in the absence of the antibiotic. Similar results were obtained and plotted for the other 6 isolates but are not shown. In all instances, the maximal count for all levels of antibiotic seldom exceeded 5 X 107 yeasts per ml when grown in nutrient broth. or a Candida sp. and 4,ug per ml of CTC are not shown but these growth curves were similar to those for the yeasts growing alone or in the presence of CTC.
None of the tests showed that the addition of CTC to the growth medium resulted in increased numbers of yeasts. This agrees with the findings of Mandel et at. (1958) who could not demonstrate inhibition or stimulation of growth of two strains of C. albicans in the presence of concentrations of CTC as high as 100 ,g per ml. It is conceivable that the growth of certain strains of yeast not included in this study and ordinarily not associated with processed poultry are stimulated and produce increased numbers of cells in the presence of tetracyclines. For instance, Huppert and co-workers (1953) demonstrated that concentrations of CTC of 100 lag per ml or higher caused an increase in the total growth of the strain of C. albicans which they were using.
Evidence indicates that an organism such as P. fluorescens will retard the growth of certain yeasts isolated from poultry; however, with the addition of CTC, the bacteria are inhibited while the number of yeasts increases. Whitehill (1957) observed that the bacterial flora developing on meat seemed to produce antifungals which controlled growth of yeasts. Further, it would appear that, in poultry, the increased numbers of yeasts can be explained on the basis of suppression of growth of certain bacteria by the tetracyclines and that these bacteria are then not present in large enough numbers to limit the growth of yeasts. YEAST GROWTH AND TETRACYCLINES SUMMARY Thirty-nine cultures of yeasts were isolated from eviscerated poultry and characterized. Pigmented yeasts had characteristics typical of Rhodotorula; nonpigmented yeasts were species of Trichosporon, Torulopsis, or Candida. Even though greater numbers of yeasts have been found on antibiotic treated birds than on control birds, none of the tetracyclines (chlortetracycline, oxytetracycline, and tetracycline) were shown to stimulate growth of these yeasts in laboratory media.
However, in mixed cultures, Pseudomonas fluorescens suppressed growth of yeasts. The addition of chlortetracycline to the cultures inhibited the bacteria and permitted increased growth of yeasts. Since none of the isolates had characteristics typical of pathogenic yeasts, none were considered to be of public health significance.
